Molecular dissection of the role of two methyltransferases in the biosynthesis of phenolglycolipids and phthiocerol dimycoserosate in the Mycobacterium tuberculosis complex.
A few mycobacterial species, most of which are pathogenic for humans, produce dimycocerosates of phthiocerol (DIM) and of glycosylated phenolphthiocerol, also called phenolglycolipid (PGL), two groups of molecules shown to be important virulence factors. The biosynthesis of these molecules is a very complex pathway that involves more than 15 enzymatic steps and has just begun to be elucidated. Most of the genes known to be involved in these pathways are clustered on the chromosome of M. tuberculosis. Based on their amino acid sequences, we hypothesized that the proteins encoded by Rv2952 and Rv2959c, two open reading frames of this locus, are involved in the transfer of methyl groups onto various hydroxyl functions during the biosynthesis of DIM, PGL, and related p-hydroxybenzoic acid derivatives (p-HBAD). Using allelic exchange and site-specific recombination, we produced three recombinant strains of Mycobacterium tuberculosis carrying insertions in Rv2952 or Rv2959c. Analysis of these mutants revealed that (i) the protein encoded by Rv2952 is a methyltransferase catalyzing the transfer of a methyl group onto the lipid moiety of phthiotriol and glycosylated phenolphthiotriol dimycocerosates to form DIM and PGL, respectively, (ii) Rv2959c is part of an operon including the newly characterized Rv2958c gene that encodes a glycosyltransferase also involved in PGL and p-HBAD biosynthesis, and (iii) the enzyme encoded by Rv2959c catalyzes the O-methylation of the hydroxyl group located on carbon 2 of the rhamnosyl residue linked to the phenolic group of PGL and p-HBAD produced by M. tuberculosis. These data further extend our understanding of the biosynthesis of important mycobacterial virulence factors and provide additional tools to decipher the molecular mechanisms of action of these molecules during the pathogenesis of tuberculosis.